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Execuive Summary

Free fight represens amajor change n the waythat aircraft are handled in the Natonal Airspace
System. It hasthe pdential to significartly increase agpace uitiz ation and, by doing so, improve
aircraft throughput. The degee b which these djectives carbe met without compromising
aircraft safety will depend on appropriate changes in the air traffic control (ATC) system. This
study provides an evaluation of some of the potential effects of free flig ht on controllers” ability to
maintain an accuete and camplete picture of the traffic stuaion. This mental represemation is
essential for monitoring and separation functions.

Facilit ies at the Research Development and Human Factors Laboratory (RDHFL) at the William
J. Hughes Techical Certer were used or the sudy. ATC simulation scemrios wee creaed
reflecting present-day operations and three levels of free flight. A sector from Jacksonville Air
Route Traffic Control Certer (ARTCC) airspace was usedn the baselne (B) condition, traffic
followed cusbmary flight paths ard procedues. Thefirst level of free fight (D) placed aicraft
on directroutes Dewations around weater and for other purposes were pemitted, with
cleaances fom ATC. Inthe secod level of free fight, deviations were takenby the arcraft,
which were only required to notify ATC of their intent (D/1). The highest level of free flight did
not require the aircraft to notify ATC; they could deviate at will without announcing intent
(D/NI).

Depenlent variables included peformance, situaion awaeness §A), workload, and sulecive
opinion daa. Ten controllers from Jacksonville ARTCC participaed in the 5-week studywith
two controllers presem perweek. Upon arrival atthe RDHHR., they were trained on the
simulation platform, ATCoach ATC dat were displayed on a 20 X 20m. monitor and flight
strips and bays were provided.

The e)permental desgn waswithin-subjects with paticipants working indepemlently in pars. A
training trial for eachof the four experimental conditions was adrmistered followed ly two data
colleciontrials. Orderof presemation was cainterbalanced ail trials were given over a 3day
period. Workload da&a were collected ewery 5 min using the Air Traffic Workload Input
Tecmique ATWIT). Eachscemrio was fozenat four randomly seecied imesto gather SA
data using the Stuaion Awareness Gbbal Assessmnt Inventory (SAGAT). An over-the-
shoulder performance rating form was completed by observers (supeavisors from Jacksonville
ARTCC) and questionnaires were fille d out at the end of eachrun. Simulation pilots used sapts
to injectaircraft devationsin eachscerrio, accading to the expetimental condition.

Objecive peformance resutsindicated a btal of sewen operational errorsin the DNI condition,
as caonpared D six in the other three canditions combined. Due b the snall number of
operationa errors, which is typical in ATC smulations, no statistical conclusons could be drawn.
However, this result is worthy of concern.

Although controllers indicated ro differences n their performance acoss caditions, obsevers
rated peformance sgnificartly lowerinthe DA and D/NI free fight conditions, as canpared D
the B condition. Controllers were observed to perform less well in marking flight stripsand
prioritizing tasks in the D/NI condition. Controllers were rated as providing signific antly less



information in the DA ard D/NI conditions, as canpared b the B canditions. They also made
more speed carges n the B candition as canpared D the three fee fight conditions. Other
objecive aml subecive neasues d efficiercy, sakty, ard traffic flow stowed ro difference
between conditions

Free fight had animpacton controller workload. The Natonal Aeronautics ard Space
Administration Task Load Indexscaes aul a psttest measue stowed hat workload was ated
higher by paticiparts at higher levels of free fight. There was o effecton ATWIT scaes.
Obsewer ratings slowed letter peformance n detecing piot devations ard overall atention ard
SA in the B candition as canpared © the DNI condition.

Analyses d variarce caxducied on the SAGAT dat reveakd sgnificart lossesn SA on same
varialdes athigher levels of free fight. These ncluded kowledge d aircraft locaton, calsign,
next secor for arcraft, weaher impact arcraft with uncompleted cleaarces,correctrecept of
aircraft cleaarces,ard canformance © cleamarces. Controllers were awae d fewer aircraft, ard,
for those arcraft, they displyed lower SA paticulady at the higher levels of SA (comprehersion
ard projecion).

This study showed that, if controllers are expeced b actas passe monitors of free fight ar
traffic, their awaeness @ the sate d air traffic may be reduced,their workload nay increase ard
their ability to intervene in atimely manner may be somewhat limited. The results reported here
are probably indicative of alower degree of predictability or SA associated with the free flig ht
conceps evaluated. The use btechmologies anl displys for deaing with these cacems should
be explored. It is also paossble that compersaing mecharnisms developed trough pracice aml
expelierce nay be found to provide the levels of SA needed dr adequat functioning urder free
flig ht.

This studyis one d the first conducted to look at free fight systematicaly. It may revealthe
impact of such concepts on the ability of controllers and pilots to function in a safe and efficient
manner. More suchstudies ae reeded d expard this effort ard examne aher aspecs o free
flight ard its cansequerces m the ar trarspatation system

vi



1. Introdudion

With the adwent of new technologies suctas e Gbbal Positioning System and a cakpit disply
of traffic information, the caceptof free fight may be introduced as a gjor change n the way
that air traffic ismanaged n United Sates ai space.The RTCA provides ameidea ¢ how free
flight might be implemented RTCA, 1995) Underfree fight, aircraft would no longerbe
restricted  flying the ar corridors, which comprise aly appoximately 5% of available arspace.
Aircraft pilots would have more control over setting their routesand over making dynamic
changes n the flight path, altitude,and speed btheir arcraft while underinstrument flight rule
conditions. The ability to fly to destinations directly instead of along fixed routes may create
significart advantages ér both time and fud sawngsfor the operators of arcraft and, paticularly,
for mgjor arlines. It also alows pilots to have more control in avoiding westher and dedling with
other factors that may emerge duing a fight.

The exact way in which free flight will be implemented has not yet been determined. Opinions on
the changesin procedues displays, and aubmation needed @ suppat free fight vary asdo the
conceps regarding the new roles of the piot and the cantroller underfree fight. Information on
the degee b which a given conceptcanbe accaonplished without compromising arcraft sakty
should drive ary decsion on whether and how to implement free fight. Airspace phnners must
consider many factors in making this decision.

1.1 Backgound

There ae spnificart chalenges b providing arcraft with suficient information to be able to make
decsions that do not place hem into an unsak proximity with other aircraft. In addition,
controller roles under free flight will be different. Astheir ability to control the actions and paths
of arcraft evolves, the catrollers' role is anticipated to change © that of monitor, taking acton
only when separation problems are deecied RTCA, 1995) The alility of the controller to
perform underthese cadition needs ¢ be evaluated as he cantroller’s stuaion awaeness GA)
may sgnificartly change urderfree fight conditions.

The canceptof free fight represers a clange in the dynamics amd behavior of the arcraft
operating in acontroller’s sector. With freeflight, it is likely that the abilit y of the controller to
determine why an aircraft is behaving in a particular way will be reduced. For example, does a
deviation of an arcraft fromits curent path represem an intentional acion or a pioblem of which
the pilot is not aware? |sthe pilot aware of potential conflicts or atitudeproblems? Not only will
controllers need b be able to detectchanges n arcraft flight pat, speedand atitude,they will
need b assesshie impacton sepaation with other aircraft, specal airspace,or given sandards
(e.g., arport approach volumelimit s or minimum altituderestrictions). Being able to do so in the
current system depewson understanding arcraft intent and piot expecgtion.

Acquiring this kind of information under free flight conditions may increase commurications
requirements ard ater the behavior of the caitroller. Communicaions may occur more for the
purpose d information exchange wih the piot instead d issung cantrol motivations. These
transactons may be much more freque and time consuming. Anincreasen controller



workload nay resuk from this change as pposed b the deceasen workload tatis gererally
assumed to occur under free flight. There will like ly be significant new demandsfor the controller
to be able to interpret aircraft acions and urderstand their significarce for aircraft sakty. This
may create areal possibility that SA will be degraded if the controller cannot keep up with these
denmands

In addition, the predictabilit y of aircraft movement will like ly decrease under free flight. Inthe
cumrent system, controllers gain information about how the arcraft is going to behave from
knowledgeof their assigned flight path and destination. There are alimited number of ways that
aircraft will proceed hrougha given arrspace accaling to a given flight path and the arcraft
intended adtvity in that secbr (e.g., appoach depature, or en route). The cantroller canusualy
detectdeviations from these rms quckly. With free fight, aircraft may come from amost any
direciion into a secbr, change pahs many times without controller acion or appoval, and depar
the sector in amost any direction. With this loss of aircraft predictabilit y, the abilit y of the
controller to determine potential separation problemsmay be reduced. Projection of the future
actions of aircraft (the highest level of SA) is critical to the controller’s abilit y to make timely
control actions. Thus thereis a significant concern asto controllers' ahility to understand the
significarce d arcraft actions and adequady predict impending problems, allowing them to
manage taffic efecively.

Currently, it is unclear what will be the spectrum of enabling technologies. It is al'so not known
what compensaing mechanisms controllers may bring to bearon these ypes ¢ problems.
Compensation may occur in the form of new procedures for facilit ating the greater flow of
information this system will necessitate. Controllers may also adopt new strategies for controlling
traffic urderthese ypes d conditions. In orderto determine what compensaton might be
appoopriate, howewer, concrete information on the actial effects of free fight isneeded.To date,
most information on free fight is highly unstructured anl aralytic.

1.2 Objecive am Scope

The objective of this studywas to examine the effect of free flight concepts on controllers' abilit y
to creake ar maintain an accuste picture of the ar traffic stuaion. We dsoexamined tsimpact
on controller workload, control srategies,and peformance. The sudywas accoplished usng
current technology and controller capabilities. This should be viewed as an initia investigation of
celtain free fight conceps and not as anassessemt of free fight inits erirety.

New ar traffic cantrol (ATC) or cockpit technologies slould be evaluated sepaately from the
operational conceptchanges hat were the focus lere. Asno new cockpit technologies wee
specifically investigated, this study did not examine the abilit y of pilots to separate themselves
from other traffic nor free flight feasibilit y from this standpant. The objective of this study was
restricted to examining the abilit y of the controller to maintain SA and providetraffic separation
while working in a hypothetical free fight environment.



2. Method

Free fight encompasses any new operational conceps and new techologies n a canstantly
evolving manner. Therefore, only afew critical aspect weke sekcted r this sudy. These
included the use of direct routes, the abilit y of pilots to deviate from flight plans of their own
accad, and the requirement to inform controllers of pilot intentionsin making suchdevations.
The eyperment was degined sothat the impactof eachfacior could be isolated fom the others.
Four conditions represening increasngly higher levels of free fight were examined.

2.1 Experimental Desqgn

A within-paticiparts desgn wasused wih four levels of one indepemlent variable. Conditions
were admnistered in a semcounterbalanced ader.

2.1.1 Indepement Variable

The level of free fight provided seved as the indepemwlent variable for the sudy. All other
aspecs of the ATC system, including procedues anl technologies,were held as cosistent as
possible between conditions. The level of free flight was based on four conditions:

» Basdine (B) - This condition employed current ATC procedures for controlling traffic.
Thisinvolved al normal procedues aditve in the modeled secbr atthe time of the
study. Pilots filed normal route plans and cauld only deviate from those pbns with a
cleaiance fomthe catroller (althoughthey could requestdewvations, which the
controller could cloose to grant or dery, as appopriate).

» Direct Routing (D) - This condition incorporated similar scenarios (same traffic
dersity and camplexity) as he B candition, but aircraft were provided wth flight plans
with directroutings. (Slight modificaions to some directroutes wee made, if needed,
sothat no flight plans wee filed throughrestricted aeas)

» DirectRoutingsDeviations with Intent (D/I) - This condition incorporated scearios
similar to the Direct Routing condition, however, pilots were also alowed to deviate
from their filed routes at will after conveying their intentions to the controller (through
verbal radio transmission). The controller's role was to reject or modify such
deviations anly if necessary to insure safety of flight (i.e., on an exception basis).

» DirectRoutingsDeviations without Intent (D/NI) - This condition incorporated
scenarios similar to the Direct Routingg/Deviation with Intent condition. Pilots were
not required to convey their intentionsto the controller in advance of making
deviations from their filed flight path but could smply deviate a will. The controller's
role was b rejector modify suchdevations when detected aly if necessarto insure
safety of flight (i.e., on an exception basis).




2.1.2 Depenlert Variades

Several measues wee exanmined as depeatert varialdes, including peformance, SA, workload,
and the subjective impressions of the controllers serving as paticipants in this sudy.

2.1.2.1 Paformance

Obecive peformance daa were cadlected ly the smulation computer during the study, ard
cakulations weke performed to delive pefformance nmeasues. Theywere

a. Sdfety of Hight
1. number of operationa erors.

b. Efficiercy

1. number of flights handled,

duration of flights handed,
distarce fown in secbr,

number of completed flights,
number of arcraft holds,

duration of arcraft holds,

number of successfl hand-offs, ard
8. number of hand-off misses.

S L S I

c. Control Strategy

1. number charges n atitudeAircraft handled,
2. number charges n speeddircraft handled, ard
3. number charges n headng/aircraft handled.

d. Taskload

1. number controller entries,
2. number controller tramsnissbns, ard
3. duration of controller transmissions.

A subective neasue d performance was btained througha rating of eachpaticipart on the
Obsewation Form atthe caclusion of eachtria (see Apperdix A). The Olsewnation Form was
deweloped ly the FAA Reseach Development ard Human Faciors Laboratory (RDHFL) at the
Federa Aviation Administration (FAA) William J Hughes Technical Center. It is used by subject
matter experts (SMES) to make over-the-shoulder evaluations of controller performance during
ATC gmulations (Sollenberger, Stein, & Gromelski, 1997) Subective ratings of the paticiparts
performance wee made a aneight-point scake (1- extrenely poor judgnernt ard made \ery



frequem errorsto 8 - always denonstrated exelent judgnert and used aitstanding cantrol
techniques) The factors wee

a. Maintaining Safe ard Efficiert Traffic How
1. mantaining separation and resolving potential conflicts,
2. sequerting arival ard depature arcraft efficiertly,
3. using catrol instructions effecively, ard
4. overall.

b. Maintaining Attention and SA

maintaining awaeress ¢ aircraft positions,
ensuring pative control,
detecting pilot deviations from control instructions,

correcting own errors in atimely manner, and

a b~ wnoE

overall.

c. Prioritizing
1. taking actonsin anappopriate arder of importance,
2. preplanning @ntrol actions
3. handling control tasks for severa aircraft,
4. making flight sripswhile performing other tasks, and
5. overall.

d. Providing Control Information
1. providing essential air traffic control information,
2. providing addiional ar traffic cantrol information, ard
3. overall.

e. Techmical Knowledge
1. showing krowledge d LOAs ard SOPs
2. showing knowledgeof aircraft capabilities and limitations, and
3. overall.



f. Communicating

1. using proper phraseology,

2. communicating cleaty ard eficiertly,

3. listening for pilot readlacks ad requess, ard
4. overall.

In addtion, the SMEs provided a ating desgribing the paticipart's control srategy on a 10-point
scaé (1-none o 10-always). The various stategies wee

a. Prefererce for Vertical Separation,

b. Prefererce or Separation Through Vectoring,

c. Prefererce r Speed Catrol, And

d. How Well the Controller Controlled Traffic (1-poor to 10-extremely well) .

The paticiparts also sulecively rated their own pefformance m the sane 10point scaé (1-poor
to 10-extrenely wel) ard provided supectve canments an the realsm of the smulation ard free
flight conditions.

2.1.2.2 Situaion Awareress

The Stuaion Awareress Gbbal Assessmrt Techique SAGAT): ATC Version (Endsky &
Kiris, 1995a)wasused b meagsire paticipart SA during the test. Four randomly placed feezes
were inseted nto eachtrial to cdlect SAGAT dat. Eachof the following SAGAT queies wee
admnistered ateachsiop (Apperdix B). These quees casisted of

a. Level 1 SA - Percepion of the Traffic Stuaion
1. aircraft locaton,

aircraft level of control,

aircraft callsign,

arcraft dtitude

aircraft groundspeed,

aircraft headng,

S L S

aircraft flight pah charge {ertical turning), ard
8. aircraft type

b. Level 2 & 3 SA - Comprehenson & Projection of Traffic Situation
1. aircraft next secbr,

2. aircraft separation,
3. aircraft assgnments,



assgnment recepion,
aircraft conformance,
aircraft hand-offs,
aircraft communicaions,

specal arspace sepation, and

© ©® N o g &

weaher impact

2.1.2.3 Workload

The Air Traffic Workload Input Tecmique ATWIT) (Stein, 1985)wasadmnistered at5-min
intervals throughout the trial to oldain a suljective workload rating from the participants on a 10-
point scale. The participant's subjective experienced workload was also assessed immediately
following eachria using the Natonal Aeronautics ard Space Alministration (NASA) Task Load
Index(NASA-TLX) (Hart & Staveland, 1988)(see Apperdix C). In addtion, a sibjecive
assessent of workload was rade atthe erd of eachtrial on a 10point scak by both the SVMEs
and the paticipants on the sulpecive quesbnnaires.

2.1.2.4 Subecive Quesbnnaire

The Post-Scerario Questonnaire was povided D patticipants after completing eacttrial to

obtain their evaluaion of the ease of controlling traffic, level of awareness of the traffic situation,
and peceved peformance kvel inthe precedng tria (Apperdix D). Information on the viability
of eachfree fight condition tested aml recanmendations for needed radificaions were dicited at
the campletion of eachtest condition.

2.2 Participants

The participantsincluded 10 Full Performance Level Air Traffic Control Specialists from the Air
Route Traffic Control Center (ARTCC) located in Jacksonville (ZJX). All participants were
cumrent atthe cener with atleastl6 hours of operational time in the month precedng testing ard
with sef-reported carected vsion of atleast20/30. Participation in the sudywas wlurtary.

2.3 Appamtus

The studywas conduded at the FAA William J. Hughes Technical Center RDHFL using the
ATCoachVersion 7.0 (1996)smulation system operating on a Sunworkstation. ATCoach
provides a ealstic, high-fiddity smulation of a cantroller's wakstation. The ATCoachsystem
includesa 20 ly 20 inch high-resolution color radar display monitor (2000 ky 2000 pxels), a
three-button trackball, and keyboard. A flight strip bay with printed, standard configuration flight
strips was povided br eachaircraft in the smulation. A touchparel for the ATWIT measue
was ncluded o the left of the radarscreen SAGAT and NASA-TLX daia were collecied va
programs ruming on Hypercard on a Macntosh computer placed adjcen to the cantroller's
station. Subjective measues wee gahered using paperforms.



2.4 Simulated Airspace

The smulated arspace usedithis sudy was te Greertove/Keystone canbined seabr of ZJX.
The seaobr definition and the original traffic scemarios wee deweloped br an eatier study
examining gereric arspace Stein & Gutman, in prepagtion).

At ZJX, the Greertove/Keystone canbined ®ctor is responsible for dtitudes24,000 t and alove
and has four major traffic flows. Southbound arcraft enter the secor from the northeastand
northwestand cantinue sauith and sautheasttoward the cties d Miami, Fort Laudedde, and
West Palm Beachdong the J45 0 J79 aiways. These aicraft are gemraly attheir fina dtitude
when they reachthe seabr and donot require dtitude ckalnces fom the cantroller.
Northbound arcraft leawe the Odando International Airport and head rthwestor north aong
the B1 a b3 arways and gererally contact Greercove/Keystone atabout 18,000 t while
climbing to an interim dtitudeof 23,000 t. The cantroller working Greercove/Keystone wil
clear the aircraft to climb to itsfinal atitudewhen available. Other northbound aircraft depart
from southeastFlorida aml erter the secbr in the saith, nearOrlando. These aicraft continue
north and northwestalong the J81 ad J53 aiways. Inthefield, these aicraft are usudly attheir
final dtitude wien they reachGreercove/Keystone but occasonally may require dtitude
cleaances fom the cantroller. Inthis smulation, these wrthbound arcraft were attheir final
atitudes wien they reacted Geercove/Keystone.

Greercove/Keystone is bordered keneah by the St Johns and St Augusgine seciors, on the
northeastby the canbined SatesHunter secbr, on the north-northwestby the canbined
Alma/Moultrie seabr, on the westby the Lake Ciy/Ocakl secbr, on the sathwestby the Mayo
secbr; on the sauth by the Boyel secor of Miami ARTCC ZMA), and on the saith-southeastby
the Hdbee seair of ZMA. For the pupose d the simulation, all adpcern secors accepad al
hand-offs and appoved al point-outs. The secbr isbordered a the easby a waning area
controlled by the US Navy. In the field, civilian aircraft may enter the warning area only with
specal pemissbn. For the pupose d this smulation, the waning alea was cosidered acive
and no civilian aircraft were permitted to enter.

2.5 Traffic scemrios

Fourteenscemrios of Smulated ar traffic were developed br the seobr.

2.5.1 Baseine scearios

Five of the fourteenscerrios weke baselne scearios using current traffic paterns. Inthese
scerarios, aircraft had sandard flight plans cataining their depature ard arival airports and al
the fixes ard arways abng their routes d flight. Four of the baselne scearios wee used mn the
eatier sudy (Stein & Guttman, in prepagtion) and the fifth was deeloped ty changing the
calsigns of the secod baselne sceario. During the experiment, controllers worked ur baselne
scenarios: one simulator familiarization trial, one B condition practice trial, and two B condition
test trials.



2.5.2 Free Hight Scerarios

Nine free fight scerrios wee de\eloped usng the four original baselne scearios. To creae
these scenarios, the flight plans from the four original scenarios were edited to eiminate the
intervening fixes betweenthe aigin ard desination airports. This techique, howewer, required
several modifications and refinements to preserve the traffic volume and smulation fidelity. Frst,
for same flights, the staight line ketweenthe arports did not cross trough Greercove/Keystone.
This was espeally true for arival aircraft from the rorthwestflying toward saitheastHorida.
This required charging the arival or depature arports for these lights sothat the arcraft would
continue to fly throughthe sector. For example, adirect flight from Nashville to Miami misses
the seobr along the exreme saithwestcorner. This was clarged b a fight betweenlindiamapdis
ard Fort Laudedale. The gemral patern ard direction of traffic ard the carectatitude br
direcion of flight were alays preseved. Secand, aircraft depating the rortheastU.S. ard flying
directtoward saitheastHorida wauld fly muchof their course over the Atlantic Oceanard
throughthe various U.S. military warning areas aong the U.S. east coast. In order to avoid this,
arrival aircraft from the rortheastertered Greercove/Keystone atthe exreme rortheastcorner of
the secbr ard proceeded sath as cbse o the waning area as &wed. Thoughthese fights
were not technically direct routed, they were as close to direct as possible without iminating
flights from the rortheast requiring long flights over the acean or alering the military airspace.

The secod sep n creaing free fight scemrios was b charge he arcraft calsigns in the first
four scemrios to produce fve new scemrios with the sane flight plars kut different calsigns.
The rumber of magjor ard minor cariers ard the frequemies with which paticular arlines fy

throughthe Greercove/Keystone secbr were presewed.

2.5.3 Deviation Scripts

Eachscemrio contained two heaw storm cels, which were displyed on the catroller’s radar
ard moved duiing the sceario. The exactshape ad speed bthe weabher systemdiffered in each
scerarnio, but al were judged ly the SMEs to be realstic ard typical of those ercountered at ZJX.
Eachscemrio also contained anarea d moderate to heaw turbulerce. To awid the paor
weaher ard ride canditions ard improve fuel efficiercy, pseudgilots made devations from their
filed flight plars by charging arcraft headngsor atitudes Depemling upa the expernmental
condition, pseudapilots requested controller gpproval beore beginning adeviation (D), informed
the controller of their intentions as they began adeviation (D/1), or smply began adeviation
without contacting the controller at al (D/NI). Pseudapilots made deviations by following scripts
that listed the aircraft to deviate, the gpproximate smulation time for the deviation, the nature and
magnitude d the devation, ard a easm for the devation. Controllers sewing as paticipartsin
the study did not have accessd these sapts.

Dewation sciipts wee deweloped trough callaboration anong the reseachers, the SMEs, ard
the pseudpilots. To dewelop pseudpilot devation sciipts, SMES controlled traffic in each
scerano, recaded whendevation requess typicaly would be made, ard noted the reture of the
reques. Thisinformation wasadapéd into the pgudgilot deviation scripts. Eachscript
contained from 13 o 18 devations, depenling upan the traffic patern in the <erario, the
location of the sbrm cels, ard the location of the twrbulerce. Gereraly, headhg charges wee



scripted © awid sbrm cels ard atitude clarges wee added ¢ awid turbulerce. A snall
number of deviations used aralitude clarge b improve fuel efficiercy. Eachsciipt was
thoroughy tested duing stakedown sessins with SMEs.

In the B ard DR conditions, the <ripts listed requess to be made ty the pgud@ilots. The
phrasedogy of these equess followed curent ATC practices. Before a devation could begin,
pseudpilots contacted the catroller ard requesed he devation, giving the reasm for the
request Whenaskng for a heading charge, pseudgilots requesed a spetic heading that would
alow themto awid the sbrm cels. Whenrequesing anatitude clange © awid turbulerce,
pseudilots requesed “smooth air.” This reques alowed the caitroller to deermine what
altitude b give ard is the terminology used m the curent system Whenasking for anatitude
charge r fuel efficiercy, pseudgilots requesed a spetic higher atitude tat was appopriate
for direction of flight. The cantroller would appove, dery, or charge he reques. The
pseudpilots would thenissue e appopriate ATCoachcommand that would meke the smulated
aircraft climb, descend, or turn.

For the DI condition, the scipts wee modified sothat the pseudpilots informed the cantroller of
their intentions ard smultanecusly issued the appopriate ATCoachcommand. If the catroller
caled back aml dened he acton, pseudgilotsissued a secol ATCoachcommand to return the
aircraft to its ariginal heading or akitude. For exanple, a pseudpilot might inform the cantroller
that he was climbing 2,000 t to awid turbulerce. Asthe cal wasbeing mede, the pgudailot
ertered the canmand into ATCoach The catroller, awae that there wastraffic 2000 t alove,
might immediately call back and deny the deviation. The pseudapilot would then issue an
ATCoachcommand to return the arcraft to the ariginal altitude.

For the DNI condition, sciipts wee modified urther sothat the pseudpilots issued A Coach
commeands and did not inform the controller of their intentions urtil the controller specificaly
asked. Orce a catroller inquired alout a plot’s intentions, the pseudpilots informed he
controller of the reasm for the devation. If the catroller dened a akered the devation, the
pseudpilots would thenerter a rew ATCoachcommand. For exanple, at 32 mn into the un, a
pseudaopilot might issue an ATCoach command to climb to 39000 t. Asthe arcraft beganits
climb, the controller would notice the climb and might immediately call the pseudaopilot and ask
him to “say intentions.” The pseudapilot might explain that he was climbing to 39,000 t for
improved fuel efficiercy. The caitroller could theninstruct the pseudpilot to return to his
original akitude, provide anakernative atitude,or alow the devation to continue.

During the experimental runs, pseudpilots were instructed © follow the scipts as absely as
possble kut, if neededcould adaptthe scipted devations to fit the dynamic situaion. For
exanple, the gript might cal for USA123 b reques a 10degee urn to awid a feaw sorm cel
at 15 mninto the un. Howewer, the cantroller might have issued a éadng charge b USA123
eatier in the run, making a 10degee urn at 15 min too exreme. Pseudgilots, then would
modify the magnitudeor timing of the deviation so that the desired effect was Hill obtained (i.e.,
the arcraft awided te sbrm cel).

10



254 Scererio Validaion

All scerrios, espedaily the free fight scerarios deeloped br this sudy, were suectto an
extensive testing ard stakedavn peiod. Six SMES, three fom ZJX and three fom other
facilit ies, were involved in the shakedown and worked eachscemrio seweral times urtil no
significant errors or inconsistencies remained.

2.6 Procedues

Each participant controlled traffic in all four conditions, which were administered in a semi-
counterbalanced ader. Following atraining trial, two trials for eachcondition were admnistered
consecuively (eachusing a dfferent scerario). The five scerrios for the B candition and the
nine scerarios for the free fight conditions were assgned  the training or the two test trials
randomly for eachpatticipant.

The sudywas coducted over 3 cansecuive days for eachsubect A lunch break aul two to
three est breaks wee provided eaclday. On the initial dayof the sudy, paticipants were given
an introdudion to the smulator and study instructions. They were also provided with instructions
for SAGAT- and NASA-TLX-paired comparison rating forms. They then had 1 hour of
familiarization with the AT Coach smulator. For eachcondition, paticipants receved training on
the free flight condition being tested. This consisted of instructions followed by a 1-hour practice
period with two stopsto practice fillin g out SAGAT. Training was immediately followed by the
two trials for that condition.

The paticipant was pompted ly an audo tone at 5-minute intervals duing eacthtrial to make an
entry onthe ATWIT scak. Four freezes wex placed n eachscerario at random timesto collect
SAGAT data. At thetime of eachfreezethe radarscreenwas lanked aml the smulation was
paused while the participant completed the SAGAT queies. Participants fir st were provided with
amap of the seobr, which showed aly boundaiies anl navigation fix points. They were asked
indicate where al arcraft in the seabr were on the map (for al arcraft currently undertheir
control in their secbr boundaries,recertly handed-off arcraft, and for aircraft soon to be in their
control). The remaining queies were then asked in random order in relation to the aircraft the
paticipants indicated weke presen (see Apperdix B). Subjects canpleted al queres aul then
returned © the smulation atthe pant where they had left off. They were given afew secadsto
observe the radar screen prior to resuming the smulation. At the sametime that paticipantsfille d
out the SAGAT battery, the SME filled out a SAGAT data collection form (while viewing the
frozenradar screenand flight strips) to supplement the dat collecied by the smulation computer
(see Apperdix E).

At the erd of eachtrial, the SVME filled out the Observation Form, and the participant completed
the NASA-TLX form. At the erd of the two testtrials for eachcondition, the Rost-Scerario
Questonnaire was ao completed by the paticipant. An Exit Questonnaire was povided D
eachpaticipant at the cacluson of the experment (Apperdix F).
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3. Reslits

The results from the study will be presented in four main sections: ATC performance, controller
workload, controller SA, and ewvaluations of the quaity of the smulation and scemrios
investigated. Statistical analyses d the dat were gereraly conducted using two-way (condition
by tria) repeatd-measiresanalysesof variance (ANOVAS). (Excepions are noted below.)

F gatistics aereported f a sgnificart main effectof condition was bund. Post hoc camparisons
betweencondition mears weke conducted usng the Tukey-HSD procedue. An dphalevel of .05
was useddr all gatisticaltests.

3.1 Air Traffic Control Performance Results

3.1.1 Safety of Hight

3.1.1.1 Objectve Dat: Safety

ThirteenOpeetional Errors (OES)* occurred duting the 80 eperimental runs. The ditribution of
these caflicts acioss te eypenmental conditionsis shown in Figure 1. More OEs occurred in
the DNI condition than in the other three canditions, B, D, and D/I, combined.

The Cochran Q test (a non-parametric test designed for use with related samples and small sample
sizes)was usedd determineif the dstribution of OEs difered from chance. To compute the
Cochran Q sttistic for related sanples, eachsmulation runwas gven avalueof O or 1 to
indicate whether or not an OE occurred for that paticipant in that condition. The Cachran Q test
failed to show a sttisticaly sgnificart difference ketweenthe four conditions,

Q(3,N =10)=6.75,p =.080. It does howewer, present atrend neaiing the esablished level of
significarce. Due D the snall number of patticipants and the snall number of OEs, this resuk
should be viewed wih cauton. With alargernumber of paticipants, this distribution may have
yielded a sitisticaly sgnificart difference etweenconditions. Participants appeaged b have
greater diffic ulty in maintaining separation under the D/NI condition.

3.1.1.2 Subectve Dat: Safety

The SMEs rated how sakly and eficiently the paticipants controlled traffic. No significart
difference was dund betweenthe four conditions on the two questons petaining to sakty of
flight: maintaining separation and resolving potential conflicts and overall safe and efficient traffic
flow.

1 An OE is defined asless than 2,000 t vertical ard less than’5 mi horizontal separation above29,000 t or less
than 1,000 t vertical ard less than5 mi horizontal ssparation below 29,000 t.
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Figure 1. Occurence d operationa errors acioss canditions.

3.1.2 Efficiercy ard Prioritizing

3.1.2.1 Obective Datr: Efficiercy

No significart difference was dund betweenthe four conditions on ary of the dojecive
performance variables related to efficiency: number of flights handled, duration of flig hts handled,
total distance flown, number of completed flights, number of holds, duration of holds, numker of
successful hand-offs, and number of hand-off misses.

3.1.2.2 Subecive Dat Efficiercy

SMEs rated how effectively patticiparts used cotrol instructions on the usng cantrol instructions
effectvely itemon the Olsewvation Form. They also rated the paticiparts peformance n
sequerting arival ard depature arcraft efficiertly. No sgnificart differenceswere found
betweenthe four conditions on these tens.

Althoughthis study did not fully examne meny efficiercy issueshat might occuras a esuk of

free fight, no overall efficiercy gans weke obsenved as aasul of the provision of directroutings
or from dlowing pilots to deviate from flight plans at will.
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3.1.2.3 Subectve Dat Prioritizing

SMEs rated how well participants set and used priorities. A sgnificant man effect of condition
was found on marking flight strips while peforming other tasks and overall prioritizing,
F(3,21)=399,p = 021,ard K3, 18)=440,p = 017, respecively. SMEs rated the
paticipants as making flight sripsless well in the D/NI condition than in the B and D conditions.
SMEs dso rated overall prioritizing in the D/NI condition lower than in the B condition, as shown
in Fgure 2. The remaining three items in this section of the SME rating form (taking actions in an
appopriate ader, preplnning cantrol acions, ard handling cantrol tasks br several aircraft) did
not show ary significart difference ketweenconditions.

[ Marking Flight Strips While
Performing Other Tasks

O Overall Prioritizing

Mean SME Rating

B D D/1 D/ NI
Condition

Figure 2. Prioritization of tasks.

3.1.3 Control Stateqgies

The way controllers dtered their srategies for controlling traffic under free flight was aso
exanined.

3.1.3.1 Altitude Ghames

The rumber of atitude clarges nade n eachexpelimental runwas ecaded ty ATCoach No
significart difference was éund betweenthe four conditions in the rumber of aktitude clarges
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made This result is condstent with ratings given by the SMEs on the Observation Fam who did
not indicate that the paticiparts prefererce for vertical sepastion was sgnificartly different
anong the four conditions.

3.1.3.2 Speed Chmges

A significart main effect of condition was bund on the rumber of speed carges nade ty the
paticipants, F(3, 24) = 546, p = .005. Paticiparts made sgnificartly more speed clhrgesin the
B condition thanin the three fee fight conditions (see kgure 3) This resuk is consistent with
SME ratings a the prefererce or speed cotrol itemon the Olsewation Form where a
significant main effect of condition was found, F(3, 21) = 365, p = 004. SMEs rated the
patticiparts as peferring speed catrol more in the B candition thanin D/I ard D/NI conditions
(see Rgure 4)

These results sugges that speed chrngesmay be less useful in a free fight environmert. This can
be understood given how controllers use speed @mges. In the curent system controllers mainly
use speed @mges b sepaate arcraft that are pioceedng in trail along anarway. If the leading
aircraft is dower than the trailing aircraft, aloss of separation may occur as the trailing arcraft
overtakes te leadng arcraft. To prevert this, controllers speed uphe lkeadng arcraft or slow
down the trailing aircraft so that separation remains constant. In afree flight system where
airways are not followed, stuations like this will probably occur less frequently, resulting in fewer
requirements for speed carges.

3.1.3.3 Headnhg Chames

The rumber of headng charges nade h eachsceraro was ecaded ly ATCoach No significart
difference was éund betweenthe four conditions in the rumber of headng charges nade. This
result is congstent with ratings given by the SMEs on the Observation Fam who did na rate the
patticiparts prefererce for vectoring differently betweenthe four conditions.

These esuls indicaie that paticiparts instituted amost the sane number of atitude aul headng
charges as aesul of the free fight conditions examned, althoughthey did slow a reducton in
the use bspeed as a otrol strategy.

3.1.4 Communications

Data regarding the canmunicatons betweenthe paticiparts ard the pseudpilots was deived
from two saurces,the pushkto-takk (PTT) acions recaded ly the canmunication systemard
SME raings made on the Observation Form.

15



5 —~
o
o 4T
C
@©
ey
O
® 3T
Q
o
N
S
o 2T
QO
£
>
pd
c 1+
@
(O]
] I l
0 : : :
B D D/1 D/ NI
Condition
Figure 3. Number of speed carges ssued.
10 T
g <4
8 <4
g 74
g
w °T
=
n 5+
c
8
= 47
3 <4
2 <4
1 1 1 1
B D DI DINI
Condition
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3.1.4.1 Objective Dataz Push-to-Tak Communications

The smulation systemcounted the rumber ard duation of communicaions made Ly the
patticiparts to the pgudailots. No sgnificart differenceswere found betweenthe four
conditions in the rumber of PTT communications or in the duation of the canmunicatons.

3.1.4.2 Subecive Datt Communication

SMEs rated how well participants communicated with the pseudopilots usng the Communicating
secton of the Olsewation Form. No significart difference was édund betweenfour conditions on
the four itenrs included n this secton: using proper phrasedogy, communicatng cleaty ard
efficiertly, listening for pilot readlacks ad requess, ard overal communicating.

3.1.4.3 Subective Data: Providing Control | nformation

SMEs rated how often paticipants provided essential and additional ATC information to the
pilots usng the Providing Control I nformation section of the Observation Form. A sgnific ant
main effect of condition was found on the providing essential ATC information item, F(3, 21) =
4.11,p = 019. SMEs rated the paticiparts asproviding sgnificartly less esentia ATC
information in the D/NI condition than in the B condition. A sgnificant man effect of condition
wasalso found on the providing addiional ATC information item F(3, 21) = 365,p = 029.
SMEs rated the paticipants as providing sgnific antly less additional ATC information in the D/NI
condition thanin the B candition (see kgure 5) Howewer, the overall providing caontrol
information itemdid not stow a sgnificart difference ketweenconditions. While this aralysis
does ot show a geaer frequery of communicaions occurring or charges n communicaion
gualty, it does ndicate charges h communicaion contert. Controllers appaently provided kess
information (both essential and additional information) under the higher levels of free flig ht.

3.1.5 Overdl Controller Performance

Both the paticipants and SMESs rated how well the paticipants controlled traffic during the
scerarno. Participarts made hese atings (egarding their own performance) on the Fost-Scerario
Questonnaire ard SVIEs made hese atings an the Olsewation Form. A significart main effect
of condition was not found in the paticipants ratings of their own peformance, F(3, 12)= 011,
p = 955, but wasfound in the SME ratings of patticiparn performance, F(3, 21) =550, p = .001.
(Differences in degrees of freedom on this test reflect missing data paints on some participants
guestonnaires) SMEs rated the paticiparts peformance nthe DA ard D/NI conditions as
significartly lower thanin the B cadition (see Fgure 6) No reliable carelation was bund
betweenthe ratings gven by the paticiparts ard SMIEs on thisitem r(67) = .08,p = 513.
Participart ard SVIE perfformance fatings aso did not significartly correlate with the rumber of
conflicts that occurred duiing the un. Therefore, it would appeathat these wo measues tpped
into indepemlert factors canceming peformance aml traffic sepaation.
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3.2 Controller Workload

Both physicaltask load aml estimates of subecive mental workload wee obtained.

3.2.1 Objecive Dat: Task Load

The number of data and skew enries made ly the paticipants was ecaded ly ATCoach No
significart difference was éund betweenthe four conditions in the number of data and skew
entries made.

3.2.2 Subectve Darw: Workload

3.2.2.1 End-of-Trial SME Ratingsand Controller Sdf Ratings

At the cancluson of eachexpelimenta run, paticipants and SVIEs rated how hard the paticipant
had worked duing the sceario. Participants made hese &tingson the Rost-Scererio
Questonnaire ard SVIEs made hese atingson the Olsewation Form. A sgnificart main effect
of condition was found for self-ratingsand SME raings of workload, F(3, 21) = 608, p =.001
and F(3,21)=7.79,p =.006 respecively. SMEs rated workload assgnificartly lowerin the B
condition than in the three free flight conditions. Controllers rated workload as signific antly
lower in the B condition than the DA and D/NI conditions (see Fgure 7) There was a ghificart
positive correlation (althoughlow) between the ratings given bythe participants and SMEs on
this item, r(77) = .32,p = .005.

M Participant Self-Rating
[J SME Rating

Mean Rating

1 - : | | |
B ) D/ D/ NI
Condition

Figure 7. Subectve wakload ratings.
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3.2.2.2 ATWIT Ratings

ATWIT ratings dd not stow a statisticaly significart difference ketweenconditions, F(3, 27) =
1.64,p = 204. The B condition receved ATWIT ratings appoximately 7% lower thanthe three
free flight conditions, as shown in Figure 8.

Mean ATWIT Rating

4 +

3 4

2 1

1 } f f
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D/ NI
Condition

Figure 8. ATWIT ratings of workload.

3.2.2.3 NASA-Tak Load IndexRatings

The paticiparts ratings an the NASA-TLX scaks d mental load, physical load, effort, temporal
load, stress,ard frustration were weighted kased m eachpatticiparts rankings d these sub
scaks. Their resukart overall NASA-TLX scaes wee significartly different betweenconditions
F(3,66)=907,p=.000. The soresfor the B condition were sgnificartly lower thanfor the
three free flight conditions as illustrated in Fgure 9.

3.2.2.4 Inter-Correlation of Workload Measures

Becausehie ATWIT ratings dd not show a sgnificart effect of condition, addtional aralyses
were performed to examine row the ATWIT ratings elated to the pcst-scerario workload
ratings The mean ATWIT rating for the trial showed moderate correlations with paticipants
self-rating of workload, r(78) = .54, p = 000, ard the NASA-TLX scores r(76) = .52,p = 000.
A gmaller correlation with the SME's rating of workload was found, r(78) = .27,p = 015. It was
hypothesied hat the pcst-scerario ratings nay have beenmore reflecive o workload atthe erd
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Figure 9. NASA-TLX scores

of the unor during workload peaks aspposed o workload over the ertire run. Howewer, this
was rot the case.The awerage ATWIT rating acioss te trial correlated with the pcst-scerario
workload ratings as welor better than any sulset of the ATWIT ratingsincluding the highest
rating, the lowestrating, the last rating, and the meanof the last three &tingsfor the sceario.

3.3 Situaion Awareness

The SMEs provided seera subective ratings related to SA and the SAGAT data provided a
measue of paticipant SA.

3.3.1 Subectve Dar: SME Ratings of Maintaining Attention and Stuaion Awareness

SMEs rated participant SA usng the Maintaining Attention and Situation Awareness section of
the Olsewation Form. A significart main effectof condition was bund on two items: detecing
pilot deviations from control instruction, F(3, 15) = 783, p =.002,and overal atention and
stuaion awaeness,F(3, 21) = 382,p =.025. SMEs rated the paticipants asdeecing piot
deviations better in the B candition than in the DNI condition. (Althoughwhat they considered a
deviation underthe DNI condition was dificult to ascetain.) SMEs rated the paticipants as
showing spnificartly higher overall atention and SA inthe B candition than in the DNI

condition (see Fgure 10) The remaining three tems (maintaining awaeness @ aircraft

positions, ensuring positive control, and carecting own errorsin atimely manner) did not show
any significart difference ketweenconditions.
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Figure 10. SME ratings d atention ard stuaion awaeress

3.3.2 SAGAT Results

The paticiparts peicepion of the traffic stuaion as eported o the SAGAT queres wee
compared b the actial state o the traffic stuaton at the time of eachfreeze. Their arswers wee
scaed as coector incorrectard suljected © anarcsine trarsformation (to correctfor non-
normality of binomial data).

3.3.2.1 Leva 1 SA- Percepion of the Traffic Henmerts

Of the Level 1 SA queles,paticiparts knowledge d the presere aml locaion of arcraft at the
time of the freeze ¢/- 5 m) was gsgnificartly different betweenconditions, F(3, 298)= 320,

p = .024. Paticiparts were awae d sgnificartly fewer aircraft in the D/l ard D/NI conditions
thanin the B candition, stown in Figure 11. Thiswas tue or al aircraft in the secbr (including
those in acive caitrol, those recertly handed-off, ard those san to be handed-off).

A significart difference was dund whenexamning paticiparts awaeress & only the arcraft
currently in their acive catrol, F(3, 298)= 2.72,p = .045. Paticiparts were awae o
significartly fewer acive arcraft in the D candition thanin the B cadition.
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Figure 11. Awareress & aircraft locaion.

For those arcraft of which paticiparts were awae, the remaining SAGAT queles wee posed.
Of the Level 1 SA queres,only the paticiparts awaeress @ the aphaketic portion of aircraft
calsigns (the alphabetic ard numeric pations of the calsign were scaed sepaately), was
significartly different betweenconditions, F(3, 293)= 3.70,p = .012. As shown in Figure 12,
participants were able to report on arcraft calsigns sgnificantly less in the D and D/NI
conditions. None of the other Level 1 SA queies were sgnificantly different beween conditions
including: level of control, callsign (numeric portion), atitude groundspeed, heading, vertical
charge, turning, or aircraft type.

3.3.2.2 Level 2 ard 3 Stuation Awareress -Comprehension ard Projection of Traffic Stuaion

A number of the queies peataining to the paticipants comprehenson of what hgppened in the
traffic scenarios and their ability to project the actions of the traffic were sgnific antly impacted by
the free flight conditions tested. Participants' ability to identify the next sector to which an arcraft
would trarsition (indicaing anawaenress @ future flight patvdirection) was sgnificartly
impacted ly the free fight conditions tested, F(3, 264)= 318, p = .025. As shown in Fgure 13,
participants were sgnific antly more aware of this information in the B condition than in the three
free flight conditions. Participants abilit y to report on which arcraft were being impacted by
weater (or would ke in the rext 5 minutes)was aso different acioss te four conditions, F(3,
178)=476,p = .003. Awareress of weaher impactwassgnificartly lower in the D ard the
D/NI conditions as canpared D the B candition, as slown in Fgure 14.
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Figure 14. Awareness & weabher impact

Although not significant at the .05 level, several other SA variables were different across
conditions at levels that appioacted sttistical Sgnificarce. These ariables ae as 6llows: the
paticipants abilit y to identify aircraft with incomplete clearances, F(3, 280)=229,p =.079,
aircraft that had carecty receved the ckalnce,F(3, 193)= 255,p =.057,and arcraft that
were conforming to their cleaances,F(3, 193)= 255, p = .057.

For these questns, the trends ndicate that participants were somewhat less awae of aircraft
which were in atransition state (respanding to clealance clanges) as slown in Figures 15,16,
and 17. Thisresulk isin agreenent with the SVIES lower suljective rating for detecting
deviations from control instructions under free flight conditions. Overall, it would appear that
controller SA was lower under the free flight conditions in terms of their ability to keep up with
the traffic ard to predict its actons over time.

3.4 Simulation Fiddity Evaluaion

As a cleck m the quaitty and veracty of the smulation used o obtain these esuls, se\eral scaés
on the paticipant's Rost-Scerario Quesionnaire ard the Exit Quesionnaire addessedhe realsm
and fidelty of the smulation. On the Post-Scerario Questonnaire, a sgnificart main effect of
condition wasfound, F(3, 21) = 7.74,p = .001. Controller paticipants rated seranosin the
D/NI condition as sgnificartly less ealstic than scerriosin the B am D canditions (see kgure
18). This may reflectthe novelty of sucha candition for the catrollers. No significart difference
was bund in realsm rating betweenthe 14 scearios indepemlent of condition,

F(13,64) = 115, p =.339. On the Exit Quesionnaire, paticipants rated the smulations with a
meanrating of 6.4 ona 1 b 10 scat (with 1 being exremely unrealstic ard 10 keing exremely
realstic).
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Participants dsorated the degee b which the ATWIT device nterfered wih their normal ATC
operations. No significart difference was éund betweenthe canditions on thisitem on the Rost-
Scerario Questonnaire. On the Exit Questonnaire, patticipants rated the ATWIT as nterfering
with ameanof 3.1ona 1 b 10 scad (with 1 being no interference aml 10 keing exreme
interference), indicaing a &irly low level of interference.

Participants rated how wel the pseudpilots respanded b clealances ad calbacks. No
significart difference was dund betweenthe canditions on thisitem on the Rost-Scerario
Questonnaire. On the Exit Questonnaire, paticipants rated the pseudpilots with ameanscae
of 83onalbl0 <ak (with 1 being not adequat and 10 eing adequad), indicaing a &irly
high asessment of peudgilot performance duing this sudy.

Participants rated the adequacyf the training runs on the Exit Questonnaire with ameanrating
of 70ona 1l b 10 <ak (with 1 being not adequat and 10 keing adequad), indicaing they were
reasmably adequag.

4. Discussbn

This sudyinvestigated he efects of free fight on controllers without new supparting
techologies It did not investigae the SAof pilots who would be operating urderfree fight. It
may, howewer, provide anindicaion of the dfficulties that controllers could have in detecting ard
preventing aloss d arcraft sepaation under some possble free fight conditions. This sudy
indicates tatin those cases wdte the piots have failed to sepaate themseles,controllers may
have problems detecing ard preventing loss d sepaation as heir role changes fom that of an
active catroller to one of traffic monitor. This statement is predicated a se\eral obsewations.

While sersitive measues d controller pefformance ae dfficult to find underthe canstraints of
simulation testing, a trend towards geaer loss d sepastion was dsewved n the highestlevel of
free flight, which allowed pilots to deviate at will. In addition, several performance measures
indicated hat there was adndency to fall behind in prioritizing and peforming tasks. This
obsewation was accompanied by an increasen mental workload wih succeedtg levels of free
flight. Theloss d orgarizaton provided ly the normal route stucture due o the use ddirect
routing is a possible factor driving this workload increase. 1n our simulation, it is likely that the
controllers had to work harder to keep up with what aircraft were doing instead of relying on the
typical paterns that the arways piovide. Inthose canditions where the plots could ako deviate
at will, controller workload increased even more. The lower predictabilit y of the free flight
conditions may have resulted in a need for controllers to expend more effort in monitoring the
traffic situation. They did not exhibit a pattern of less workload, which might be assumed to be
the casedr a monitoring Stuation.

Controller SA was aso negatively impaced Ly the free fight conditions tested. SA is critical for
detecting separation problems and managing air traffic. Without it, controllers will be ineffective
as monitors of even very sophisticated automated systems. The abilit y of controllers to maintain
an up-to-date picture of adynamic and complex traffic situaion dependson their ability to
integrate a geatdealof daton many arcraft into an internal structure that allows relationships
betweenaircraft to be understood (e.g., which arcraft are traffic for eachother). Asthe
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predictability of the aircraft decreases, this becomes a much more difficult job. More of the
controllers limited atention and working mamory is required to process eacharicraft. Asa
result, the paticipants in this sudy were urable to mantain awareness of as many arcraft under
the free fight conditions. Althoughthis may be accepable as dng as hey were the important
aircraft, it has keenshown that errors may occurwhenthe caitroller's atention is directed
towards other traffic Stuaionsthat are bdieved to beimportant but may not be (Endsley &
Rodgers, 1996;Jones & Enddey, 1996) A reduced awaeress of arcraft in the traffic dtuaion
increases the probabilit y that aloss of separation will o ccur.

In addtion, the hgher levels of SA (comprehersion ard projection of the stuation) were
negatively impaced. In paticular, paticiparts stowed a deaased uderstanding of the
projected pahs of the aircraft (reflecting the lower predictabilit y of the free flight conditions).
They dso showed areduced ability to assess what was happening with the aircraft (in terms of
insuring canformance D clealarces ad weaher impacs that might induce he reed or deviations
from flight plars). Interestingly, deceasesn the higher levels of SA have also beenobsewnved n
several sudiesof aubmation (Camody & Gluckman 1993;Enddey & Kaber, in review; Enddey
& Kiris, 1995a) When pele became pasive monitors of information rather than acive
processors (watching atraffic scenario rather than creating their own plan for controlling the
traffic flow), SA candecease. This facior has keendirecty linked b the aut-of-the-loop
performance poblem in which monitors of aubmated systens ae sbw or urale to deectard
intervere duing failures of aubmated systens (Enddey & Kiris, 19950). In this sudy, it is likely
that a smilar phenomenon occurred, leading the controllers to have a reduced understanding of
the traffic picture as active control decreased urder free flight conditions. Similarly, by virtue of
being ou-of-the-loop, they were less likely to ke able to intervene to insure separation. Under
sugained vigilance conditions, it is probable that this problem will be even greater.

It may be that the higher level of mental workload Ed to lower SA. Conversely, one caild
postulate that the cantrollers were concemed alout their SA ard, therefore, experded nore effort
(higher workload) to correctit. A more paisimonious exlaration, howewer, is that the sane
factor drove both the increased workload and reduced SA: the lower predictabilit y of the air
traffic dtuation created by the use of direct routing and the abilit y of the pilots to deviate from
filed flight plans a will.

While a higher number of operational errors was only observed in the condition in which pilots
could deviate at will without informing the controllers of their intentions, higher workload and
lower SA were obsened acoss al the free fight conditions. In anoperational seting,
patticulady if vigilance pioblems occuras a esuk of monitoring canditions, a deceasen
controller paformance is likely to result from lower SA and higher workload.

This finding does rot, howewer, meanthat free fight is infeasble. Rater, it indicates a aitical
factor that will need to be overcome or compensated for if controllers are to reman as an

effectve pat of the future ATC system If displys, aubmated systens, or procedues carbe
developed for assisting controllers in regaining some degree of predictability, it is expected that
much of this problem can be resolved. Increased predictability of air traffic should sgnific antly
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assst controllers in deweloping the mental picture needed at lower level of workload. As an
example, increased predictabilit y might be achieved by drawing on daa link to create informed
displays. Simple display management tools, which alow the controller to manage the complexity
(lack of predictability) of the traffic flows (throughhighlighting, coding, or projection activities),
might be effecive. The use dgraplic displysfor portraying the higher levels of SA should
speciicaly be explored b compensat for losses lhat may occurunder passve processng.
Whichever concepts are explored, the development of these systems will need to proceed ery
carefully to insure that they provide needednformation without creaing disply overload.

While conflict aert tecmologiesmight be effecive asabackup ad, display techologiesthat
allow the controller to function well independently should aso be explored. Historically, people's
ability to respond to alarms has been problematic. High false alarm rates produce mistrug, which
canlead b ignoring realproblems. High hit rates canproduce conplacerty and lack d vigilance.
Both of these caditions canlead b sefious erors. By keepng the cantrollers dert, informed,
and involved in the situation, they will be able to function effectively as a much needed safety net
even in the highestlevels of free fight. This canbe accanplished by providing them with the
information they need b perform effecively.

The paticipantsin this sudy were only exposed b eachfree fight condition for afew hours.
Therefore, it may be the casehat, with further practice, some of the problemsidentified n this
report will diminish. Controllers may develop compensatory strategies to cope with the changes
in procedures and responsihilities inherent in free flight. For example, in the D/N and D/NI
conditions, some study patticipants leaned to quely arcraft entering the seabr about their
intentions. In thisway, they were able to ketter anticipate independent pilot actions responding to
weather and turbulence. While this approach may not be idedl, it illustrates an initial attempt by
controllersto adjug to the new situation. As controllers spend more time in a free flight
environment, they may adgpt their information requirements to their new responsibilities. It is still
the case that they will need to maintain somelevel of SA to be able to intervene if conflicts
develop. However, studies that permit time to acclimate to afree flight environment will be
needed bfore final conclusons canbe drawnregarding the requirement for displays or
procedures for augmenting aircraft predictabilit y.

5. Conclugons

In examining the aspedof free fight, this sudy showed that if controllers are e)peced D actas
passve monitors of free fight air traffic, their awaeness @ the stte of ar traffic may be reduced,
their workload may increase, and their abilit y to intervene in atimely manner may be limited. If
the future air traffic system is able to function autoromoudy (i.e., throughautonetion or pilot-
insured separation), this may not be a problem. If, however, the controller will be retained in the
system as safety net for insuring that separation between aircraft is not lost, for negotiating
disputes,or for easng difficult or congesed transitions, it is critical that solutions ae gerrated
for these problems. Intervening technologies need to be explored that will r edress the loss of SA
that canoccur even with low levels of free fight. In addtion, alternate operational
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conceps might be examned that provide sane of the benefits of free fight while alowing the
controller to mantain an active role in arcraft separation.

This studyis one d the first conducted to look systematicaly at free fight to discover the actial
implications of such concepts on the abilit y of its participants to function in a safe and efficient
manner. As such, it was fairly limit ed in the scope of free flight concepts examined. It did,
howewer, revealthat same of the cacems alout the efects o free fight are wel founded an
should be takeninto accart to inform the dexelopment of systenrs for free fight. Specficaly, it
highlighted the critical role that predictabilit y plays in dlowing controllers to develop an accuete
ard camplete picture d the ar traffic stuaion. The dewlopment of compersaing techologies
ard strategies reeds o be explored or deaing with this issue. In addtion, more studies ae
needed that will expand this effort to collect objective daa on other aspects of free flight and its
consequeres o the ar trarspatation system Only in thiswayis it likely that the reeded
enabling technologies and mechanismswill be developed for dlowing a safe free flight to become
reality.
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Apperdix A
Air Traffic Control Evaluaion: SME Observation Form

Instructions for quesions 1-24

This form was degjned D be used ly instructor-cettified ar traffic control specalists to evaluate
the effectiveness of controllers working in smulation environments. Observers will r ate the
effeciveress @ controllers in seera different performance aeas usig the sca¢ stown below.
Whenmaking your ratings, please ity to use he ertire scaé range as machas pasble. You are
encouraged to write down observations, and you may make preliminary ratings duiing the course
of the scearno. Howewer, we recanmend that you wat urtil the sceario is finished lefore
making your find ratings. The observations you make do not need to berestricted to the
performance aeas coered in this form ard may include dher areas bat you think are important.
Also, please wite davn ary comments that may improve this evaluation form. Your idertity will
reman anonymous so do not write your name on the form.

Rating

Label Description

1

2

Controller denonstrated exrenely poor judgmnert in making cantrol decsions ard very
frequenly made erors.

Controller denonstrated paor judgmert in making some control decsions ard
occasonally made erors.

Controller make quetionable decsions usng poor control techiqueswhich led to
restricting the rormal traffic flow.

Controller demonstrated the abilit y to keep aircraft separated but used spacing and
sepaation criteria which was exessve.

Controller denongtrated adequatjudgmrent in making cantrol decsions.

Controller denonstrated gand judgnert in making cantrol decsions usng eficiert
control techniques.

Controller frequenly denonstrated exelent judgmnert in making cantrol decsions
ushg exrenely good cantrol techiques.

Controller alays denonstrated exelent judgnernt in making eventhe nost difficult
control decisions while usng outstanding control techniques.

A-1




Maintaining Safe ard Eficiert Traffic How

1.

Maintaining Separation and Resolving Potential Conflicts

- udgng control instrudions that mairtain safe aircraft separation
- deecting ard resolving impending conflicts early

Comments:

. Sequencing Arrival and Departure Aircraft Efficiently

- ugng efficient and orderly gpadng techniques for arrival ard departure aircraft
- maintaining safe arrival ard departure intervalsthat minmize ddays
Comments:

Using Caontral Instructions Effectively

- providing acuratenavigational asistance to pilots

- avoiding dearances that result in the need for additional instructions to handle
aircraft completely

- avoiding excessive vectoring or over-controlling

Comments:

Overall Safe ard Efficient Traffic How Scale Rating

Comments:
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Maintaining Attention and Situation Awareness

5. Maintaining Awareness d Aircraft Positions
- avoiding fixation on one area of the radar scope when other areas need attention
- ugng scaming pattens that manitor all aircraft on the radar scope
Comments:

6. Ensuring Positive Contral

Comments:

7. Detecting Filot Deviations from Caontrol Instrudions
- ensuring that plots follow asigned cearances correctly
- correcting pilot deviations in a timdy mamer
- avoiding excessive vectoring or over-controlling
Comments:

8. Carecting Own Errorsin a Timdy Manner

Comments:

9. Overall Attention and Situation Awareness Sale Rating

Comments:
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Prioritizing

10. Taking Actions in an Appropriate Order of Importance
- resolving stuations that need immadiateattention before handling low priority
taks
- issuing control instructions in a pioritized, grucured, ard timdy mamer
Comments:

11.Preplanning Cantrol Actions
- scanning adacent sectors to planfor inbound traffic
- studying pending flight stripsin bay
Comments:

12 Handling Control Tasks for Several Aircraft
- shifting control tasks between several aircraft when necessary
- avoiding ddays in communications while thinking or plaming control adions
Comments:

13. Marking Flight Strips While Performing Other Tasks
- maiking flight strips aauratdy while talking or paforming other taks
- keeping flight Srips current
Comments:

14.Overall Prioritizing Scale Rating

Comments:

Providing Control | nformation

15. Providing Esential Air Traffic Control Information
- providing mardatay services and advisories to pilotsin a timdy mamer
- exchanging essential informatian
Comments:

16.Providing Additional Air Traffic Control Information
- providing adlitional services when workloadis not a factor
- exchanging adlitional informatin
Comments:

17.0Overall Providing Caontrol Information Scale Rating

Comments:
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Techical Knowledge

18. Showing Knowledgeof LOAs and SOPs
- contralling traffic asdepicted in current LOAs and SOPs
- peforming hand-off procedures correctly
Comments:

19.Showing Knowledgeaf Aircraft Cegpabilities and Limitations
- avoiding dearances that ae beyond aircraft performarce parameers
- recognizing the need for spead restrictions and wake turbulence separation
Comments:

20.0verall Technical Knowledge Scale Rating

Comments:

Communicating

21.Using Proper Phraseology
- ugng wordsand plrases specified in ATP 711065
- ugng ATP phraseology that isappropriate for the Stuation
- avoiding the use of excessive verbiage
Comments:

22.Communicating Clearly ard Efficiently
- gpeaking at the proper volume and ratefor pilots to understand
- speaking fluently while scaming or peforming other tasks
- clearance ddivery is complete, correct, ard timdy
- providing complete informatian in each dearance
Comments:

23.Listening for Filot Readbacks ard Requests
- correcting pilot readback errors
- processing requests correctly in a timdy mamer
Comments:

24 Overall Communicating Scale Rating

Comments:




Instructions for quesions 25-35

The following quesions have a scad ranging from 1 to 10, where 1 iepresens “extremely low,”
“extremely infrequen,” “strongly disagee; etc., ard 10 epreseis the aher exrene d the
spectum

These questns are the sane as we lve asked lhe catroller atter the sceano. We would like
you to give usyour impression of how these questions will be rated by the controller.

25. Please circle the number that best describes the noverticalk 1 2 34 5 6 78 910 aways

controller’s preference for vertical separation. Sseparation vertical
Sseparation
Comments:

26. Please circle the number that best describes the novecor 1 2 34 5 6 7 8 9 10 awaysvector
controller’s preference for separation through Sseparation Sseparation
“vectoring.”

Comments:

27. Please circle the number that best describes the nogpeed 1 2 34 5 6 78 910 awayssped
controller’s preference for speedcatrol. control control
Comments:

28. Please dircle the number below that kest describes how nothaad 1 2 34 5 6 7 8 9 10 extremey
hard the cotroller was work ing during this hard
scenario.

Comments:

29. Please drcle the number that kest describes how well extremely 1 2 34 5 6 7 8 910 extremey

the cantroller controlled traffic during this scenario. poor well

Comments:




NASA TLX

30.

Please circle the number that best describes the mental

demand during this scenario.

extremely
low

9 10

extremely
high

31.

Please dircle the number that best describes the physical

demand during this scenario.

extremely
low

9 10

extremely
high

32.

Please dircle the number that best describes the tempor al

demand during this scenario.

extremely
low

9 10

extremely
high

33.

Please circle the number that best describes the overall

perfor mance during this scenario.

extremely
low

9 10

extremely
high

34.

Please circle the number that best describes the effort

during this scenario.

extremely
low

9 10

extremely
high

35.

Please circle the number that best describes the leve of

fr ustr ation during this scenario.

extremely
low

9 10

extremely
high




Apperdix B
Situaton Awareress Gbbal Assessmart Techique Queies

(on the povided seatr map)
1. Enter the locaion of all aircraft
aircraft in track cantrol
other aircraft in sector
aircraft that will be in track control in next 2 mirutes
2. Enter arcraft callsign (for arcraft highlighted of those entered on sector map in quey 1)
3. Enter arcraft dtitude (for arcraft highlighted of those entered on sector map in quey 1)
4. Enter arrcraft groundspeedfor aircraft highlighted d those ertered on secbr map in quel 1)
5. Enter arcraft headng (for aircraft highlighted d those entered on secor map in query 1)

6. Enter aircraft's next secor (for aircraft highlighted d those ertered on secor map in query 1)

02 49 67
15 57
16 58
35 65

landing in sector

7. Enter aircraft's curent direcion of charge n eachcdurm (for aircraft highlighted d those
ertered on secior map in query 1)
Altitude clarge Turn

climbing right turn
deserding left turn
level straight

8. Enter the aircraft type (for aircraft highlighted of those entered on sector map in quey 1)
9. Enter the arcraft's acivity in secor (for aircraft highlighted d those ertered on secor map in
query 1)

erroute

inbound to airport

outbound fromairport

10. Which pairs of arcraft have lost or will currently lose separation if they stay on their current
(assgred) courses?

11. Which arcraft have beenissued @aarces hat have not beencompleted?

12. Did the arcraft receve its ckeamrce carecty? (for eachof those erered in query 11)
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13. Which arcraft are curently conforming to their cleamarces?for eachof those ertered in
query 11)

14. Which aircraft will be handed off to another sector/facility in the next 2 mirutes?
15. Enter the arcraft which are rot in communication with you.

16. Enter the aircraft that will violate specia arspace sepation stardards f they stay on their
current assgned pabs.

17. Which aircraft is weather currently an impact on or will be an impact on in the next 5
minutes?
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Apperdix C
NASA-TLX

Menta Demand

How muchmental ard pecepual acivity is required (e.g., thinking, decding, caktulating,
remembering, looking, searching)? Is the task easy or demanding, Smple or complex, or exacting
or forgiving?

Low | | High

Physical Denand

How much physical activity is required (e.g., pusing, turning, controlling, activating)? Is the task
easy or demanding, dow or brisk, dack or srenuous, or restful or laborious?

Low | | High

Temporal Demand

How muchtime pressue do you feeldue b the rate or pace awwhich the tasks o task eenments
occurred? Isthe pace siw ard leisurely or rapid ard frartic?

Low | | High
Paformance

How successfl do you think you are in accamplishing the gaals o the task? How saisfied ae
you with your performance n accamplishing these gals?

Good | | Poor

Effort

How hard did you have to work (mertally ard physicaly) to accaonplish this level of
performance?

Low | | High
Frudration

How insecuse, discouraged,irritated, stressed, ard amoyed versus secuee, gratified, contert,
relaxed, ard camplacen do you feelin performing the task?

Low | | High
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Apperdix D
Post-Scerario Quesionnaire

1. Please circle the number that best describes how
realistic the smulation was.
Comments:

edremely 1 2 34 5 6 7 8 910 extremey
unrealistic realistic

2. Pleasecircle the number that best describes if the
ATWIT device interfered with contrallin g traffic.
Comments:

nointerfer’ence 1 2 3 4 5 6 7 8 9 10 extreme
interference

3. Please dircle the number that best describes how well
the simulation-pilots respanded to your clearancesin
terms of traffic movement and call-backs.

extremedypoor 1 2 3 4 5 6 7 8 9 10 extremey
well

Comments:
4. Do you hare any other comments about your
experiences duing the smulation?

Comments:

5. Pleasecircle the number below that best describes how
hard you were work ing during this scenario.
Comments:

nothard 1 2 34 5 6 7 8 910 extremey
hard

6. Pleasedrcle the number that kest describes how well
you controlled traffic during this scenario.
Comments:

edtremely 1 2 34 5 6 7 8 910 extremey
poor well
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Please circle the number that best describes how
difficult this scenaro was.
Comments:

extremdy 1 2 3 4 5 6 7 8 9 10 extremey
easy diffi cult

Please circle the number that best describes how
realistic the smulations were.
Comments:

edremely 1 2 34 5 6 7 8 910 extremey
unrealistic realistic

Please circle the number that best describes if the
ATWI T device interfered with controlling traffic.
Comments:

nointerfer’ence 1 2 3 4 5 6 7 8 9 10 extreme
interference

Please circle the number that best describes how well
the simulation-pilots respanded to your clearancesin
terms of traffic movement ard call-backs.

Comments:

extremedypoor 1 2 3 4 5 6 7 8 9 10 extremey
well

Please circle the number that kest describes if the
hands-on training for each sceenario was adequate.
Comments:

notadequae 1 2 3 4 5 6 7 8 9 10 adequae

Is there anything alout the sudy that we should have
aked or that you would like to comment alout?
Comments:
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Apperdix E
SME SAGAT Data Evaluaion Form

Subject Condition Scenario Tral Stop number

* if aircraft gays on current (assigned) path

Aircraft |Tradk Control | Vertical velocity | Turning [ Next Secor | Notin Will Weaher
Secor |airspae| comm | violate will
violation| with SUA [impad in
innext 2| secor | next2 [ next5
min* min* min*
1 my control level straight
in next 2 min climbing left
othe in sector| descending right
2 my control level straight
in next 2 min climbing left
othe in sector| descending right
3 my control level straight
in next 2 min climbing left
othe in sector| descending right
4 my control level straight
in next 2 min climbing left
othe in sector| descending right
5 my control level straight
in next 2 min climbing left
othe in sector| descending right
6 my control level straight
in next 2 min climbing left
othe in sector| descending right
7 my control level straight
in next 2 min climbing left
othe in sector| descending right
8 my control level straight
in next 2 min climbing left
othe in sector| descending right
Which pairs of aircraft h ave lost or will lose separation in the
next 2 minutesif they gay on their current (assigned) cour ses?
Which aircraft h ave assignments Receved carecty? Conforming to
assigned clearance?
(clearancesthat are not yet complete?) Y/N Y /N
Y/N Y /N
Y/N Y /N
Y/N Y /N
Y/N Y /N
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Apperdix F
Exit Questionnaire

Please circle the number that best describes how
realistic the smulations were.
Comments:

edremely 1 2 34 5 6 7 8 910 extremey
unrealistic realistic

Please circle the number that best describes if the
ATWI T device interfered with controlling traffic.
Comments:

nointerfer’ence 1 2 3 4 5 6 7 8 9 10 extreme
interference

Please circle the number that best describes how well
the simulation-pilots respanded to your clearancesin
terms of traffic movement ard call-backs.

Comments:

extremedypoor 1 2 3 4 5 6 7 8 9 10 extremey
well

Please circle the number that kest describes if the
hands-on training for each sceenario was adequate.
Comments:

notadequae 1 2 3 4 5 6 7 8 9 10 adequae

Is there anything alout the sudy that we should have
aked or that you would like to comment alout?
Comments:
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